A Gram-negative, non-motile bacterium, designated MJ17
The genus Paracoccus belongs to the Alphaproteobacteria and was proposed by Davis et al. (1969) , with the type species Paracoccus denitrificans. At the time of writing, 25 species belonging to the genus Paracoccus have been isolated from various environments, including soil, sediment and activated sludge. In the course of screening micro-organisms in sludge at the Daejeon sewage disposal plant in Korea, a Gram-negative and non-motile strain, MJ17
T , was isolated.
For the isolation of strain MJ17 T , sludge (1 g) was immersed in 50 ml 0.85 % NaCl solution, vortexed and serially diluted, and aliquots (100 ml) were spread on onetenth-strength (1/10) R2A agar (Difco). The isolate was routinely cultured on LB agar (Difco) at 30 u C and maintained as a glycerol suspension (20 %, w/v) at 270 u C. Type strains of species of the genus Paracoccus were obtained from the Korean Agricultural Culture Collection and Japan Collection of Microorganisms for use as reference strains.
The Gram reaction was performed by using the non-staining method, as described by Buck (1982) . Cell morphology was examined by light microscopy (E600; Nikon) and transmission electron microscopy (LEO912AB; Carl Zeiss). Transmission electron microscopy was carried out as follows. Bacteria were grown on LB agar at 30 u C for 18 h. Cells were gently resuspended in a drop of deionized water and samples were placed on carbon-and Formvar-coated nickel grids for 30 s. Grids were floated on a drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed at 100 kV under standard operating conditions. The presence of poly-b-hydroxybutyrate (PHB) granules was visualized with the fluorescent dye Nile red and negatively stained transmission electron micrographs were taken as described by Jendrossek et al. (2007) . Catalase and oxidase tests were performed as outlined by Cappuccino & Sherman (2002) . Physiological characteristics were determined with API 20 E, API 20 NE, API ID 32 GN and API ZYM galleries (bioMérieux), according to the manufacturer's instructions. Growth at 4, 10, 15, 25, 30, 37, 40, 42 and 45 u C and pH 5.0-10.0 (at intervals of 0.5 pH units) was assessed on LB agar after 5 days. Growth with 0-13 % NaCl (at intervals of 1 %), 15, 18, 20, 25 and 30 % (w/v) NaCl was tested using LB medium. Growth on nutrient agar (Difco), trypticase soy agar (TSA; Difco) and LB agar was also evaluated at 30 u C.
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), purified by TLC and subsequently analysed by HPLC, as described by Collins & Jones (1981) and Shin et al. (1996) . For fatty acid methyl ester analysis, cells were prepared on TSA for 48 h at 30 u C and two loops of cells were harvested. Fatty acid methyl esters were prepared, separated and identified with the Sherlock Microbial Identification System (MIDI; Sasser, 1990) .
For phylogenetic analysis, genomic DNA of strain MJ17 T was extracted using a commercial genomic DNA extraction kit (Solgent) and PCR-mediated amplification of the 16S rRNA gene and sequencing was carried out according to Kim et al. (2005) . An almost-complete sequence of the 16S rRNA gene was compiled with SeqMan software (DNASTAR). 16S rRNA gene sequences of related taxa were obtained from GenBank and edited using BioEdit (Hall, 1999) . Multiple alignments were performed using CLUSTAL X (Thompson et al., 1997) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1983) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971 ) methods in MEGA3 (Kumar et al., 2004) and bootstrap values were calculated using 1000 replications (Felsenstein, 1985) .
For the determination of DNA G+C content, the genomic DNA was extracted and purified using the Genomic-tip system 100/G (Qiagen) and was enzymically degraded into nucleosides. The nucleosides were analysed using HPLC as described elsewhere (Tamaoka & Komagata, 1984; Mesbah et al., 1989) . DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and micro-dilution wells. The hybridization was carried out reciprocally with five replications per sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values are quoted as DNA-DNA relatedness values.
Cells of strain MJ17
T were Gram-negative, short rods, 0.4-0.6 mm wide and 1.4-1.7 mm long. The phenotypic and chemotaxonomic characteristics that differentiate strain MJ17
T from P. denitrificans KCTC 2530 T and closely related members of the genus Paracoccus (.97.0 % 16S rRNA gene similarity) are listed in Table 1 .
The fatty acid profiles of strain MJ17 T , P. denitrificans KCTC 2530
T and its two closest phylogenetic neighbours are compared in Table 2 . The cellular fatty acids of strain MJ17 T were summed feature 7 (comprising one or more of C 18 : 1 v7c, C 18 : 1 v9c and C 18 : 1 v12t; 54.3 %), C 18 : 0 (11.3 %), C 16 : 0 (10.2 %), C 10 : 0 3-OH (7.5 %), C 19 : 0 cyclo v8c (6.2 %) and summed feature 3 (iso-C 16 : 1 I and/or C 14 : 0 3-OH; 4.7 %). Paracoccus homiensis KACC 11518 T and Paracoccus zeaxanthinifaciens JCM 21774
T grown under the same conditions revealed very similar profiles, with summed feature 7 and C 18 : 0 as predominant compounds; however, the proportions of summed feature 7 and C 18 : 0 in these strains differed from those in strain MJ17 T . Strain MJ17 T contained ubiquinone Q-10 as the major respiratory quinone, as is common in the Alphaproteobacteria. T (25±1 and 21±3 %, respectively). These indicated that strain MJ17
T was not affiliated with other members of the genus Paracoccus at the species level (Wayne et al., 1987) .
The DNA G+C content of strain MJ17
T was 58.7 mol%, which is lower than those of other recognized members of the genus Paracoccus. In a previous description of the genus Paracoccus, the G+C content was given as 64-70 mol% (Katayama et al., 1995) and, recently, Paracoccus saliphilus YIM 90738
T was found to have a G+C content of 60.3 mol% (Wang et al., 2009) . Other characteristics of strain MJ17
T are consistent with the emended genus description (Katayama et al., 1995) ; however, strain MJ17
T is pale yellow and contains PHB granules. Most members of the genus Paracoccus are creamy white, deep yellow or orange to brown in colour and only a few members, such as Paracoccus aestuarii, P. isoporae, P. zeaxanthinifaciens and P. denitrificans, are reported to accumulate PHB (Berry et al., 2003; Roh et al., 2009; Chen et al., 2011) . Strain MJ17 T could also be differentiated *Summed features represent two or three fatty acids that cannot be separated by the Microbial Identification System. Summed feature 3 consisted of iso-C 16 : 1 I and/or C 14 : 0 3-OH. Summed feature 6 consisted of C 16 : 1 v7c and/or iso-C 15 : 0 2-OH. Summed feature 7 consisted of one or more of C 18 : 1 v7c, C 18 : 1 v9c and C 18 : 1 v12t. from Paracoccus fistulariae, P. isoporae, P. sphaerophysae, P. saliphilus and P. chinensis by colony colour, motility and inability to grow with high NaCl concentrations.
On the basis of phylogenetic distance from the type strain of the type species of the genus Paracoccus, low levels of DNA-DNA relatedness and combined differential phenotypic and chemotaxonomic characteristics determined under the same conditions in this study, it is clear that strain MJ17 T is not affiliated with any other recognized species of the genus Paracoccus. Therefore, strain MJ17 T represents a novel species within the genus Paracoccus, for which the name Paracoccus caeni sp. nov. is proposed.
Description of Paracoccus caeni sp. nov.
Paracoccus caeni (ca.e9ni. L. gen. neut. n. caeni of sludge).
Cells are Gram-negative and non-motile, 0.4-0.6 mm wide and 1.4-1.7 mm long. After 3 days on R2A agar, colonies are 1-2 mm in diameter, smooth, pale yellow, circular and convex and contain PHB granules. Oxidase-and catalasepositive. Growth occurs on R2A agar, nutrient agar, TSA, MacConkey agar and LB agar. In LB broth, grows at 25-30 u C (optimum 30 u C), but not at 4 or 37 u C, at pH 6.0-9.0 (optimum pH 6.5-7.0) and with 026 % NaCl (optimum 3-4 % NaCl). Does not reduce nitrate to nitrogen gas. Positive for acid phosphatase, alkaline phosphatase, esterase (C4), esterase (C8) and leucine arylamidase, but negative for b-glucosidase (aesculin hydrolysis), naphthol-AS-BI-phosphohydrolase, N-acetyl-b-glucosaminidase, arginine dihydrolase, a-chymotrypsin, cystine arylamidase, a-galactosidase, b-galactosidase 
